To evaluate whether the number of biopsies performed via transrectal ultrasound (TRUS) accurately predicts pathological parameters such as Gleason sum, prostatic intraepithelial neoplasia and perineural invasion of the final prostatectomy specimen. Materials and Methods: The cohort consisted of 99 patients whom had undergone radical prostatectomy. Comparisons were made between the number of biopsies utilised and the presence of the pathological parameters from tissue at time of diagnosis and tissue from the final prostatectomy. Results: A significant difference was noted between Gleason sum, prostatic intraepithelial neoplasia and perineural invasion from tissue at time of diagnosis irrespective of the number of biopsies utilised and tissue from the radical specimen (p < 0.001, p < 0.001, p < 0.001 respectively). No difference was noted in the mean Gleason sum when 11-14 biopsies were utilised at TRUS and the Gleason sum from the radical specimen. Conclusion: We have demonstrated that the number of biopsies utilised at time of TRUS for diagnosis predicts the accuracy of pathological parameters in the final radical prostatectomy specimen. We believe that 11-14 biopsies should be utilised at time of TRUS as this allows a higher accuracy in the Gleason sum and therefore allows optimum treatment plans to be devised.
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Introduction
Prostate cancer is now recognised as a major burden on the global health-care system. In the United States and in Europe, it is the most common neoplasm diagnosed in men and is responsible for 11% of all male cancer deaths [1, 2] . After a diagnosis of prostate cancer is made, a number of treatments may be considered depending on the information provided by staging investigations. In patients who are thought to have organ confined prostate cancer treatment options include radical prostatectomy, external beam radiation therapy, brachytherapy and active monitoring.
The Gleason score is utilised to grade adenocarcinoma of the prostate [3] . The Gleason score is the sum of the 2 most common patterns of tumor growth found with the score ranging from 2 to 10. Tissue is either analysed from core needle biopsies performed with the aid of a transrectal ultrasound (TRUS) probe or from specimens retrieved at time of surgery. The Gleason score is a prognostic factor for tumor behavior and treatment response [4] and is incorporated into prognostic algorithms predicting risk of recurrence following radical surgery [5] .
The need to perform biopsies using TRUS often arises depending on the findings at time of digital rectal examination and/or prostate specific antigen (PSA) measurement. The question arises regarding how many biopsies should be performed and whether the number of biopsies has an impact on the final Gleason grade from the surgical specimen. There have been various reports regarding Correlation between Number of Biopsies and Radical Surgery 25 the optimal number biopsies performed at time of TRUS which allows accurate assessment of pathological parameters. There have been reports that 4-6 biopsies at time of TRUS yield the best results [6] and 6 biopsies are sufficient as there was no difference in the Gleason sum from the final surgical specimen [7] and taking more than 6 biopsies has no further benefit [8] . Others have reported that 10 biopsies are sufficient [9] whilst in comparison to 6 biopsies, 10 biopsies increases the concordance of the Gleason sum from the final pathological specimen [10] . It has also been reported that 6 biopsies are no longer adequate and taking more than 12 biopsies in comparison to 8 is not significantly more conclusive [11] . Furthermore, there have been reports that 18 biopsies poorly predict Gleason scores from radical prostatectomy specimens [12] and that the incidence of prostate cancer in those undergoing saturation biopsies is between 30 and 40% but this cohort of patients had previous negative biopsies [13] . In a specific subset of patients with Gleason 4+3 disease, nearly 50% had their disease downgraded following surgery where at least 12 biopsies were taken [14] and two-thirds of patients with unilateral disease on biopsies had bilateral disease on final specimen [15] .
There are other well known pathological parameters that are often reported upon when analysing prostate cancer such as prostatic intraepithelial neoplasia (PIN) and perineural invasion (PNI). PIN represents the pre-invasive end of the continuum of cellular proliferation within the lining of prostatic ducts and acini. The presence of PIN is often deemed a precursor of malignancy and it has been reported that its presence is a strong predictor of carcinoma and these patients should be closely followed-up [16] [17] [18] . Despite its presence, it is not thought that PIN should influence treatment options [19, 20] . PNI has been related to worse prognostic factors in radical prostatectomy specimens [21] and has also been demonstrated to predict local/regional recurrence following radiotherapy [22] and radical surgery [21, 23] and its presence at biopsy is an independent factor in correlation with high grade disease following radical prostatectomy [24] . Despite the association of PNI with a worse prognosis, it has also been reported that its presence should not be a deterrent for patients who otherwise meet the criteria for active surveillance [25] .
The aim of this study was to assess whether the number of biopsy samples accurately predicted presence of PIN, PNI and final Gleason sum in those undergoing radical prostatectomy for localised prostate cancer.
Materials and Methods
This was a single centre retrospective study. Patients diagnosed with prostate cancer following TRUS guided biopsy in North Glasgow NHS Trust and who subsequently underwent radical prostatectomy was included. Patients were staged according to the TNM classification and had organ confined disease. All patients had at least 6 core biopsies. All biopsies were performed utilising TRUS guidance. All patients had retropubic, nerve sparing (when appropriate) radical prostatectomy. No patient received preoperative hormone therapy. The surgical specimens were whole mount sectioned. The Research Ethics Committee of North Glasgow NHS Trust approved the study.
Statistical analysis was undertaken using SPSS. Significant differences were calculated using Wilcoxon and Fischer tests.
Results
Ninety-nine patients were studied for whom all clinical data was available and had undergone radical prostatectomy. Median age of diagnosis was 62 years (range 43-73 years), and 37% (n = 36) of patients had between 6 and 8 biopsies, 26% (n = 26) had 9-10 biopsies and 37% (n = 37) had 11-14 biopsies. No patient experienced significant post biopsy related morbidity including urinary tract infection or urinary retention.
On analysis of Gleason sum, presence of PIN and PNI, there was a significant difference in these pathological parameters from tissue at time of diagnosis via TRUS irrespective of the number of biopsies utilised and tissue from the radical specimen (p < 0.001, p < 0.001, p < 0.001 respectively).
Upon further analysis, of those patients that had undergone 6-8 biopsies, the median Gleason sum was 6 at time of TRUS and this was upgraded to 7 following radical prostatectomy. Wilcoxon test analysis demonstrated this to be a significant difference (p = 0.04). Fischer test analysis demonstrated a significant difference in the presence PIN and PNI from initial diagnosis when 6-8 cores were utilised in comparison to the final pathological specimen (p = 0.0064, p < 0.001 respectively).
Of those that underwent 9-10 biopsies, median Gleason sum was 6 at time of diagnosis and was upgraded to 7 after surgery. This was noted to be a significant difference (p < 0.001). Analysis demonstrated no significant difference between PIN and PNI.
In those that underwent 11-14 biopsies, no difference between the median Gleason sum at time of diagnosis and after radical surgery was demonstrated. Despite no difference in the median, an overall significant difference in Gleason sum was demonstrated (p = 0.029). A signifi-Qayyum/Willder/Horgan/Edwards/ Underwood cant difference of the presence PIN and PNI from initial diagnosis in comparison to the final pathological specimen was also demonstrated (p < 0.001, p < 0.001).
Discussion
We have demonstrated that there is a significant difference between Gleason sum, PIN and PNI from tissue at time of diagnostic at TRUS irrespective of the number of biopsies utilised and the final radical specimen. When this is further sub-divided into various biopsy categories, 6-8 biopsies, 9-10 biopsies and 11-14 biopsies there is still a significant difference in the Gleason sum.
Various studies have reported that 4-6 biopsies are sufficient [6, 7] and more than 6 biopsies reaps no further benefit [8] . We have reported that there is a significant difference not only in Gleason sum but PIN and PNI status when taking 6-8 biopsies and 11-14 biopsies in comparison to the pathology from the radical specimen. This discordance can be related due to the heterogeneous natures of prostate cancer resulting in sampling areas which are over or under-represented with high or low grade disease [11] . There have also been reports that taking more biopsies results in a greater yield of cancer [26, 27] but increasing the number of biopsies is not more conclusive and does not increase the accuracy of the Gleason sum [11, 12] .
From this current study, there was a significant difference in the Gleason sum in all biopsy categories but no actual difference in the mean Gleason sum from biopsy and the radical specimen when 11-14 biopsies were utilised. Given this category of biopsies also demonstrated the least significant difference in Gleason sum, it would suggest that 11-14 biopsies maybe the optimum number of biopsies. No statistical difference was demonstrated in the presence of PIN and PNI when 9-10 biopsies were used for diagnosis. Whilst these pathological characteristics are known to correlate with other recognised prognostic factors, their presence should not dictate treatment options and should be closely followed-up in certain circumstances [19, 20, 25] .
Limitations of this study include patient numbers and no assessment of core lengths when biopsies were taken as core volume would impact on the area being analysed and therefore accuracy. Other limitations include that it was a retrospective study and there was no standard protocol for the number of biopsies obtained at time of diagnosis.
We have reported that utilising 11-14 biopsies at time of TRUS has a higher accuracy of determining the final Gleason sum from the radical specimen and 9-10 biopsies has a higher accuracy of determining the presence of PIN and PNI. Given that PIN and PNI will not dictate treatment options and Gleason sum will, we believe that taking 11-14 biopsies for diagnosis will allow a higher degree of accuracy for the Gleason sum and therefore determine the optimum treatment option.
